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ABSTRACT 
Polysiloxane (POS) is a unique polymer and contains silicone and oxygen in polymer 
chains. Degradation is a common problem of polymer material which leads to material 
properties decreased. Heat, light and chemicals are the main cause of polymer 
degradation (Moeller, 2008). In order to reduce the tendency of polymer to 
degradation, the role of silica as filler will be studied. Silica offers high thermal 
properties, and thus by combining polysiloxane and silica, it is expected that the 
polysiloxane filled silica composites thermal properties will be enhanced. Since silica 
acts as a reinforcing filler in polysiloxane matrix, it is expected to improve the 
mechanical properties (tensile and energy absorbed) of the composites. The study 
embarks on to determine of different curing temperature (room temperature, 65°C and 
100°C) as critical variable in casting of POS-SiO2 composite also to investigate the 
effect of weight percentage (wt%) of SiO2. Parameter for wt% of SiO2 is 0wt% to 
12wt%. The characteristics of POS reinforced SiO2 were analysed in terms of 
microstructure Field emission scanning electron microscope (FESEM), phase analyses 
X-ray Diffraction (XRD), thermal properties analyses thermogravimetry analysis 
(TGA), molecular analysis using fourier transformation infrared spectroscopy (FTIR). 
Distribution of SiO2 in POS- SiO2 composite are agglomeration through FESEM 
analysis for all compositions. Strength analysis and Young Modulus were performed 
using Universal Tensile Machine (UTM). The factors of different curing temperature 
and wt% of SiO2 added as filler are improved the value of strength and Young Modulus 
POS- SiO2 composites. Energy absorption is using the high speed puncture machine. 
The value of the energy absorption increase with increasing of curing temperature 
during casting composites. The conclusion is factors of wt% of SiO2 as a filler and 
different curing temperature are important and gave effect to POS- SiO2 composites. 
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ABSTRAK 
Polysiloxane (POS) adalah polimer yang unik dan mengandungi silikon dan oksigen 
di dalam rantaian polimer. Degradasi adalah masalah biasa bagi polimer kerana 
sifatnya sendiri. Haba, cahaya dan bahan kimia adalah punca utama polimer degradasi 
(Moeller, 2008). Dalam usaha untuk mengurangkan kecenderungan polimer kepada 
kemusnahan, peranan silika (SiO2) sebagai pengisi akan dikaji. Silika menawarkan 
ciri-ciri haba yang tinggi, dan dengan itu dengan menggabungkan POS dan SiO2, ia 
dijangka bahawa komposit POS-SiO2 mempertingkatkan nilai haba. Penambahan SiO2 
sebagai pengisi mengukuhkan dalam matriks POS, ia dijangka meningkatkan sifat-
sifat mekanikal (tegangan dan tenaga diserap). Penentuan suhu pematangan yang 
berbeza (suhu bilik, 65°C dan 100°C) adalah sebagai kritikal dalam komposit POS-
SiO2, juga untuk mengkaji kesan peratusan berat (% berat) bagi SiO2. Parameter untuk 
wt% daripada SiO2 dari 0wt% kepada 12wt%. Ciri-ciri POS bertetulang SiO2 
dianalisis dari segi mikroskop mikrostruktur Field imbasan pancaran elektron 
(FESEM), fasa analisis X-ray Diffraction (XRD), sifat haba analisis termogravimetri 
(TGA), analisis molekul menggunakan transformasi Fourier spektroskopi inframerah 
(FTIR) . Pengedaran SiO2 dalam komposit POS- SiO2 adalah penumpuan melalui 
analisis FESEM untuk semua komposisi. Analisis kekuatan dan Young Modulus telah 
dilakukan dengan menggunakan Universal tegangan Mesin (UTM). Faktor suhu 
pengawetan yang berbeza dan penambahan % berat SiO2 sebagai pengisi adalah 
meningkatkan nilai kekuatan dan Young Modulus. Penyerapan tenaga menggunakan 
mesin tusukan kelajuan tinggi. Nilai penyerapan tenaga meningkat dengan 
peningkatan suhu pengawetan semasa penuangan komposit. Kesimpulannya adalah 
faktor wt% daripada SiO2 sebagai pengisi dan suhu pengawetan yang berlainan adalah 
penting dan memberi kesan kepada komposit POS-SiO2. 
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CHAPTER 1  
INTRODUCTION 
1.1 General Introduction 
Nowadays, composite material are one the most advanced and adaptable engineering 
materials known to men. Progresses in the field of materials science and technology 
have given birth to these fascinating and wonderful materials.   
Polysiloxane (POS) is contains silicone and oxygen in polymer chains. POS is 
under elastomer category. Besides that, POS well known as silicones rubber (SR) and 
it is mixed inorganic-organic polymer (Shanks et. al, 2013). The characteristic of POS 
is low dynamic flexibility, low glass transition temperature and low burning. POS also 
have resistant to ozone, radiation and low modulus of elasticity. The low burning 
characteristic are derived from the resistance to oxidation and its inherent thermal 
stability of the siloxane bond (Graiver et. al., 2000). 
Typical composites materials are heterogeneous in nature and a system of 
materials composing of two or more materials which are mixed and bonded on a 
macroscopic scale. If the composition occurs on a microscopic scale (molecular level), 
the new material is the called an alloy for metals or a polymer for plastic. Generally, a 
composite material is composed of reinforcement embedded in a matrix. 
Reinforcement phase such as fiber, particles, flakes and/or filler and for matrix phase 
like polymers, metals or ceramics. The matrix holds the reinforcement to form the 
desired shape while the reinforcement improves the overall mechanical properties of 
the matrix. A composite material can provide superior and unique mechanical and 
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physical properties because it combines the most desirable properties of its 
constituents while suppressing their least desirable properties (Krishan, 2012). 
The characteristics of composite materials are high specific strength and 
modulus, as well as high fatigue strength and fatigue damage tolerance, anisotropic, 
designable or tailorable materials for both microstructure and properties, corrosion 
resistance and durable (Matthew et al, 2003). 
1.2 Problem Statement 
Degradation is a common problem of polymer material which leads to material 
properties decreased. Heat, light and chemicals are the main cause of polymer 
degradation (Moeller, 2008). In order to reduce the tendency of polymer to 
degradation, the role of silica as filler will be studied. Silica offers high thermal 
properties, and thus by combining polysiloxane and silica, it is expected that the 
polysiloxane filled silica composites thermal properties will be enhanced. 
 Since silica acts as a reinforcing filler in polysiloxane matrix, it is expected to 
improve the mechanical properties of the composites. However the suitable filler-
matrix ratio have to be identify, since the contribution of filler addition in enhanced 
material properties are limited. Once filler composition exceeds the filler maximum 
ration, agglomeration or weak filler-matrix bonding of the composites will occur and 
lead to decrement of mechanical properties (Kozlov et. al., 2010). 
 Industrial activities widely use powered tool and processes leads to exposure 
of hand arm vibration among operators. The vibration source may arise from the 
rotating and percussive hand held power tool. Hand transmitted vibration also may 
occur from vibration work pieces. Extreme hand arm vibration can affect hand arm 
neurological and motor functions and induce disturbances in finger blood flow (Julia 
et. al., 2013). High elasticity of polysiloxane is the upmost advantage of this material 
to reduce vibration source (Chung, 2010). In order to determine the performance of 
polysiloxane as a vibration damping isolator, the contribution of polysiloxane silica 
sheet composite in reducing the hand arm vibration of portable hand grinder. 
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1.3 Objectives 
There are several objectives that have been outlined for this study: 
i. To fabricate of POS reinforced crystalline SiO2 powder in the form of sheet. 
ii. To determine curing temperature and duration as critical variables in casting of 
POS reinforced crystalline SiO2 powder affecting its properties. 
iii. To investigate the effect of different SiO2 wt% addition to the physical and 
mechanical properties (tensile strength, Young Modulus and Energy absorbed) 
of the fabricated POS reinforced crystalline SiO2 powder. 
1.4 Scope of Study 
The scope of the study as determined from the outlined objectives: 
Materials: 
1. Crystalline SiO2 powder used as reinforcement and POS as matrix to produce 
POS composite. 
2. Weight percentages (wt %) of POS (88, 90, 92, 94, 96, 98, 100wt %) with 
crystalline SiO2 powder (0, 2, 4, 6, 8, 10, 12 wt%)  are applied. 
3. Silicone oil used for reduce the viscosity of POS. 
4. POS unreinforced and reinforced crystalline SiO2 powder silica sheet was 
fabricated using the casting technique. 
5. Curing temperature and duration variables for the fabrication process include: 
i. room temperature, 27°C at 24 hours 
ii. 65°C at  24 hours 
iii. 100°C at  24  hours 
6. Characteristic of the raw material investigated by X-Ray Diffraction (XRD) or 
X-Ray Fluorescence (XRF), Fourier Transform Infrared Spectroscopy (FTIR), 
Energy-dispersive X-Ray Spectroscopy (EDS), and Scanning electron 
microscopy (SEM) or Field Emission Scanning Electron Microscopy 
(FESEM), Thermogravimetric analysis (TGA). 
7. Physical properties of POS composite investigated by Thermogravimetric 
analysis (TGA) Fourier Transform Infrared Spectroscopy (FTIR), Density 
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Test, and Scanning electron microscopy (SEM) or Field Emission Scanning 
Electron Microscopy (FESEM). 
8. Mechanical properties of POS composite investigated by tensile test (using 
Universal testing machine) and Impact test (using High-speed puncture 
machine). 
1.5 Significance of Study 
The significance of this study focuses on: 
1. To promote in-depth understanding about the characteristics of the POS and 
crystalline SiO2 powder. 
2. Physical and mechanical properties of a newly by using casting technique with 
different temperature and curing duration will be determined. 
3. Developed POS reinforced crystalline SiO2 powder sheet, the physical and 
mechanical properties determined. 
4. Would be suited to contribute in the future engineering application such 
automobiles, consumer electronics, office automation equipment, electrical 
wiring, machinery, and daily application. 
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CHAPTER 2  
LITERATURE REVIEW 
2.1 Polymeric Composite Material 
As the world approaches the new Millennium, composite materials are increasingly 
being used in the engineering structure. Composite materials are either engineered or 
naturally occurring materials made from two or more constituent materials with 
significantly different physical or chemical properties which remain separate and 
distinct at the macroscopic or microscopic scale within the finished structure. 
Composite materials has been an increasing demand for materials that are stiffer, 
strong and satisfy the use requirement (Krishan, 2012). Composite materials are 
commonly classified as two distinct levels. The first level of classification is usually 
made with respect to the matrix and the second level is referring to the reinforcement 
form (Matthew et al., 2003).  
Figure 2.1 shows about the categories of matrices which are divided into four 
categories. The categories are polymer matrix composite (PMC), metal matrix 
composite (MMC), ceramic matric composites (CMC) and carbon and graphic matrix 
composites (COMC). Nevertheless PMC is divided into two groups which are 
thermoset and thermoplastics (Krishan, 2012). 
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Figure 2.1: Classification of composite based on matrix materials (Krishan, 2012) 
2.1.1 Polymeric Matrix Composite (PMC)  
Polymeric matrix composite is one of the types of classification of matrix materials 
usually use in industry application. Polymer is defined as chemical compound where 
molecules are bonded together in long repeating chains. These polymers have a unique 
property and can be tailored depending on their purpose. Besides that, it makes ideal 
materials as they can be processed easily, possess lightweight, and desirable 
mechanical properties. Basically, the matrix is more ductile and less hard phase 
(Josmin et al., 2012). 
 Polymers have many possible of classifications which based on structure and 
properties. The classification of polymers based on the properties is divided into three 
categories which are thermoplastic, thermosets and elastomer (David, 2002 and 
Matthew et al., 2003).  
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Figure 2.2: Classification of Polymer Matrix Composite (PMC) (David, 2002; 
Matthew et al., 2003) 
 
Each category of these polymer matrix composite properties has their 
individual advantages among them. Thermoset and thermoplastic are usually use in 
application today. It is because thermoset after curing have quantities such as a well-
bonded three-dimensional molecular structure and it is most suited as matrix bases for 
advanced condition fiber reinforced composites. Nonetheless, thermoplastic can be 
divided into two classes depending on the type of its characteristic transition 
temperature which is amorphous and crystalline. Its advantages are easier and faster 
to heat and cool a material during the curing process. Due to these advantages, the 
material will produce a smoother, evenly distributed substantial part and would be able 
to come out with massive production. 
An elastomer is a polymer with viscoelasticity (David, 2002). Generally, 
elastomer has a low young modulus and high yield strain compared with other 
materials. These would lead to its elastic substance which contains linear silicone 
polymers cross-linked in a 3-dimensional network (Jerschow, 2001). Silicone 
elastomers usually refer to the silicones as polydimethyl siloxane with their high 
thermal stability, hydrophobic nature, electrical, biocompatibility and release 
properties. 
 Elastomer is designed according in ISO Standard 1629 or ASTM Standard 
D1418 based on the chemical composition of the basic (crude) rubbers.  Classification 
of elastomer may be according to different aspects which are chemical saturation of 
the polymer chain, oil resistance, flame resistance and service performance (Khairi, 
1993). Besides that, elastomer of the value chain ultimately is derived from crude or 
natural gas (Matthew, 2003). However, according ASTM D5899 published in 1996, 
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state that have 18 different functional classifications for rubber based on the 
compounding ingredients (Dick, 2001). 
Figure 2.3 shows that the elastomer is used in many industry applications 
especially in automobile industry, aerospace and military, chemical and petrochemical 
and other industry. 
 
 
Figure 2.3: Comparative market segments of elastomer. (Shanks et. al, 2013) 
 
Unsaturated rubbers (cured by sulphur vulcanization) and saturated rubbers 
(uncured by sulfur vulcanization) are also the elastomers (Khairi, 1993). The current 
elastomers have two categories which are Silicone and Fluoroelastomers. The 
materials were aged at temperature known to represent the outer thermal limit of this 
category of elastomer, specifically 225ºC (437ºF), as well as two additional 
temperatures exceeding the known thermal limit of these materials, specifically 250ºC 
(482ºF) and 275ºC (527ºF) (Daniel, 2005). Furthermore, elastomers can be found in 
two conditions which are in dry and latex. Both condition of elastomer are classified 
and coded from the chemical composition of the polymer chain (ASTM D1418). There 
are eight types of polymer chain prior to the silicone designation in the following 
manner: 
i. M – Rubbers having a saturated chain of the polymethylene type. 
ii. N – Rubbers having nitrogen, but not oxygen or phosphorous, in the polymer 
chain 
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iii. O – Rubbers having oxygen in the polymer chain. 
iv. R – Rubbers having an unsaturated carbon chain, for example, natural rubber 
and synthetic rubber derived at least partly from diolefins. 
v. Q – Rubbers having silicone and oxygen in the polymer chain. 
vi. T – Rubbers having sulphur in the polymer chain. 
vii. U – Rubbers having carbon, oxygen and nitrogen in the polymer chain. 
viii. Z – Rubbers having phosphorus and nitrogen in the polymer chain. 
2.1.2 Reinforcement in PMC 
Reinforcements are always used in designing a new composite material and 
fundamentally increasing the mechanical properties of the neat resin system. 
Reinforcements can be classified into three groups which are particles (dispersion 
strengthened or large particles), fibres (discontinuous-short or continuous –aligned) 
and structural (laminates and sandwich structures) (Callister, 2007). 
 
 
Figure 2.4: Classification of reinforcements in composite materials (Callister, 2007). 
 
Particles-reinforced composite consist of geometrical-variety particles with 
short bonding structure. Particle-reinforced composite falls into two different types of 
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categories depending on the size of the particles which are either large-particle or 
dispersion-strengthened. Large-particle matrix does not show interaction on the atomic 
or molecular level. The function of the large-particle is to obtain force from the matrix 
which bears friction at the load. Whereas, dispersion-strengthened composites consists 
of small particles size which from 10 nm to 100 nm. This type of particles-reinforced 
is to improve the yield strength and tensile strength which the matrix bears most of the 
applied load. Besides that, these particles are more attractive to each other due to their 
isotropic properties and they are cost-effectiveness as well (Nikhilesh et al., 2001). 
The examples include quartz, metal, metallic compound, ceramic particle, whisker or 
etc will uniformly dispersed in matrix medium. The shapes of the particles are usually 
spherical, ellipsoidal, polyhedral or irregular.  
Reinforcement basically based on the matrix. Polymer matrix composites, 
(PMCs) and ceramic fiber are usually used. Ceramic contains diversified bonding 
which the combines covalent, ionic and metallic (Barry et al., 2013). Ceramic is an 
inorganic or nonmetallic solid prepared by the action of heat and subsequent cooling. 
Ceramic material structure has a crystalline or amorphous. Types and properties of the 
ceramic are based on their chemical composition and microstructure which can be 
categorized as traditional and advanced class (Barry et al., 2013).  
Traditional ceramics commonly used are based on the clay (Al2O3.2SiO2.2H2O) 
,silica (SiO2) and feldspar (K2O.Al2O3.6SiO2Na2O.Al2O3.6SiO2) (Udomphol, 2007). It 
is include with high volume in products such as bricks and tiles, white wares or toilet 
bowl and pottery nevertheless, advance ceramics in low volume or small quantities 
with high expensive price. Basically, traditional ceramics use low technology and 
advanced technology or manufacturing technique was used for processing, it is 
because more efficient and cost effective (Barry et al., 2013). 
Table 2.1 shows that different ceramics will give different reactions based on 
the burning temperatures and the resulted in different characteristics. The 
characteristics and the structure of ceramic will change slowly depending on the 
burning temperature. 
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Table 2.1: Type of the traditional ceramics based on the burning temperature 
(Frederick, 1974) 
Temperature (°C) Reactions 
Up to 100 Loss of moisture 
100-200 Removal of absorbed water 
450 Dehydroxylation 
500 Oxidation of organic matter 
573 Quartz inversion to high form. Little overall volume damage 
980 Spinel forms from clay and start to shrinkage 
1000 Primary mullite forms 
1050-1100 Glass forms from feldspar, mullite grows and shrinkage 
continues 
1200 More glass, mullite grows, pores closing and some quartz 
solution 
1250 60% of glass, 21% of mullite, 19% of quartz and pore at 
minimum. 
 
Figure 2.5 shows that the graph of ceramic traditional categories based on the 
different temperature. Every single type of the traditional ceramic has their individual 
characteristic and chemical composition. 
 
 
Figure 2.5: Three type of traditional ceramics based on the composition and 
temperature (°C), (Frederick, 1974)  
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Advanced ceramics are tailored to have premium properties through 
application of advanced materials science and technology to control composition and 
internal structure. Examples of advanced ceramic include piezoelectric ceramics, 
ceramic for dynamic random access memories (DRAMs) and etc. Traditional ceramics 
are weak and low performance because they contain many pores and cracks. Besides  
that, traditional ceramics have low elastic modului because of the glass phases present 
(Rashid, 2010). Advanced ceramics show superior mechanical properties, 
corrosion/oxidation resistance, or electrical (piezoelectric, sensor, superconductor), 
optical (transparency, opto-electronics), thermo-mechanical (engine material), wear-
resisting (cutting tool) and magnetic properties. Other than that, advanced ceramics 
are also referred as ‘special’, ‘technical’ or ‘engineering’ ceramics because of their 
properties (Barry et al., 2013).Ceramic general properties are hard, wear resistant, 
brittle, refracting, thermal insulator, electrical insulator, nonmagnetic, oxidation 
resistant, and prone to thermal shock and chemically stable (Barry et al., 2013). Table 
2.2 shows the strength level of the ceramic. 
 
Table 2.2: Level strength of the Ceramic (Udomphol, 2007) 
Level of Strength (MPa) Materials 
More than 1000 1. Polycrystalline long ceramic fibres (Al2O3, SiC) : 1-2 GPa 
2. Single crystal short ceramic fibres (Al2O3, SiC whiskers) : 5-
20 GPa. 
600-1000 1. Hot pressed structural ceramics 
2. Cemented carbides 
200-600 1. Sintered pure alumina and SiC 
2. Tempered glass 
100-200 1. Impure and/or porous alumina 
2. Mullite 
3. High-alumina porcelains 
4. Reaction bonded silicon nitride and carbide 
5. Glass ceramic 
50-100 1. Porcelains 
2. Steatite 
3. Cordierite 
4. Magnesia 
5. Polished glasses 
<50 1. Refractory 
2. Porous ceramics 
3. glasses 
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2.2 Polysiloxane and its composite 
2.2.1 Classification of Polysiloxane 
Polysiloxane (POS) is classified as “Q” class in which the rubber contains silicone 
and oxygen in polymer chain. The classification of POS is as given in Figure 2.6. 
 
 
Note: 
MQ = Methyl  
VMQ = Vinyl  
PVMQ = Phenyl Vinyl 
FVMQ = Fluorine Vinyl 
HTV =High Temperature Vulcanizing 
RTV = Room Temperature Vulcanizing 
SSR = Solid Silicone Rubber 
LSR = Liquid Silicone Rubber 
RTV 1 = One component of Room Temperature Vulcanizing 
RTV 2 = Two component of Room Temperature Vulcanizing 
Figure 2.6: Classification of Polysiloxane (Jerschow, 2001) 
 
Polysiloxane 
MQ Silicone 
Rubber 
VMQ Silicone 
Rubber 
PVMQ Silicone 
Rubber 
FVMQ 
Silicone 
Rubber 
HTV RTV 
SSR LSR 
Peroxide 
Curing 
Addition 
Pt 
Catalysed 
Addition Pt 
Catalysed 
RTV 2 RTV 1 
Additio
n Pt 
Catalys
ed 
Condensation 
Sn Catalysed 
Condensa
tion Sn 
Catalysed 
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All types of POS classifications shows an individual characteristic based on 
the substituent group on the polymer chain. The alphabet on the type of the POS 
represented the substituent groups which are M (methyl), F (fluorine), P (phenyl) and 
V (vinyl) (ASTM D1418). All silicone rubber generally are divided into two categories 
of materials which are room temperature vulcanizing system (RTV) and high 
temperature vulcanizing system (HTV). The difference RTV and HTV is the curing 
temperature in which RTV system is able cure at room temperature but for HTV 
system will cure above 100°C (Jerschow, 2001). 
HTV rubber silicone is also known as “High Consistency Rubber” (HCR) and 
has higher viscosity in the uncured state and appears as solid. HTV silicone rubber has 
two categories which is Solid Silicone Rubber (SSR) and Liquid Silicone Rubber 
(LSR) or simply liquid rubber (LR).  LSR consist with one component (Addition Pt 
Catalysed) and SSR of with two components (Addition Pt Catalysed and Peroxide 
Curing). Speed of curing time for LSR is lower than from SSR because the LSR shows 
faster crosslinking reactions.  
RTV is usually used as silicone sealant or adhesive and their individual 
function is not as typically as the silicone elastomers. Nonetheless, it is more related 
as a sealant used for joining silicone profile and moulding part in the building industry. 
RTV system is divided into two groups which are RTV-1 and RTV-2. RTV-1 consists 
with one component (condensation Sn Catalysed) whereas RTV-2 consists with two 
components (condensation Sn Catalysed and Addition Pt Catalysed).  
Condensation Sn Catalysed curing RTV-2 systems consist of a rubber base and 
a curing agent (hardener, catalyst). RTV-2 split up to two components because 
unwanted reactions will not occur during their storage. The rubber is basically 
consisting of polymers, fillers, and some additives while the curing agents contain 
crosslinkers, tin catalyst, extenders and pigments or dyes. RTV-2 system is commonly 
available in mixing ratio for condensation Sn Catalysed and Addition Pt Catalysed 
such as 1:1, 9:1 or 100:1 but is still possible to have variable mixing ratio. As the 
condensation sn catalysed in RTV-2 are mixed, the reactions are to be very fast and 
the process would only take certain period of time. The period of this process is known 
as pot life. However, once pot life expires, the mixed material would not be possible 
to mix. 
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2.2.2 Characteristic of Polysiloxane 
POS is a unique polymer which have the properties such as high thermal and the high 
chemical stability with Si-O-Si bonding, low density, high hardness and young’s 
modulus. The siloxane group is based on Si-O-Si bonding where this causes the POS 
to have a variety structure from the simple linear structure to a complex three-
dimensional structure. The general properties of the POS are (Jerschow, 2001): 
i. Very low compression strength at elevated temperatures,  
ii. Low flammability, non-toxic combustion  
iii. High durability. 
 
 Figure 2.7 shows various types of the silicone rubber structure. There are four 
types of silicone-oxygen structures which are terminal silicone (SiO), in-chain silicone 
(SiO2), silica-like (SiO3) and silica (SiO4). The difference between them is the quantity 
of oxygen in their chemical bonding. 
 
 
Figure 2.7: Various of silicone-oxygen compound (Robert, 2004) 
 
There are a number of ways to characterise POS. The method used to comparatively 
using the Fourier Transformation Infrared Spectroscopy (FTIR) and 
Thermogravimetry analysis (TGA). 
Fingerprints contaminants and defects are commonly identified by using the 
FTIR microscopy. It is also used in identifying point to point physical property 
anisotropy or mapping chemical property gradients (John et al., 2002). These 
applications require an instrument that has a vibration spectroscopy technique. This 
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technique is obtain in the FTIR microscopy for analysing, problem solving and 
mapping the chemical structure and the physical characteristic associated with 
materials and their fabricated products. 
Dongzhi has characterised the divinyl-hexal[(trimethoxysilyl)ethyl]-POSS 
(DVPF) using FTIR where the wavenumber ranging from 600 to 4000 cm-1 with 
revolution of 4 cm-1 and accumulation of 32 scans (Dongzhi et al., 2012). Figure 2.8 
shows the result of infrared spectra of the select cured RTV silicon rubber (Dongzhi 
et al., 2012). DVPF is one of RTV silicone rubber group where words DVPF 
represents the weight percentage with added the fumed silica in that material. Based 
on the observation, the transmittance of all samples has a similar pattern. Dongzhi 
(2012), which stated the wave length ranging between 1000cm-1 to 1200cm-1 appeared 
at the Si-O-Si peak. 
 
 
Figure 2.8: Infrared spectra of the select cured RTV silicon rubber (Dongzhi et al., 
2012) 
 
Similarly, the FTIR spectrum result of linear polydimethyl siloxane (PDMS) 
where PDMS is also one of type of the POS in RTV group. The PDMS is characterised 
at the wavenumber ranging at 400 cm-1 to 4000 cm-1 Whidad et al., (2009). Whidad 
stated that the wavenumber of both Si-O stretching vibration group can be peak 
appearing at 1100 cm-1 to 1000 cm-1 and Si-O stretching vibration of Si-OH group 
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appeared at 875 cm-1. However, Whidad mentioned the Si-O-Si group from bending 
motion is presented by peak observed at 475 cm-1 
 
 
Figure 2.9: FTIR spectrum of linear polydimethly siloxane (Whidad et al., 2009) 
 
Figure 2.10 shows the finding on the characteristic of POS as observed by 
Kongliang et al. (2008). Compared to Dongzhi and Whidad, Kongliang et al. (2008) 
to used range of 500 cm-1 to 4000 cm-1 of wavenumber to determine the characteristic 
of POS. Futhermore, Kongliang et al. (2008) stated that the typical signal for the Si-
O-Si group is represented by the sharp band at 1020 cm-1 and 1093cm-1 as shown the 
Figure 2.10. This is similar to the FTIR spectra shown in Figure 2.8 and Figure 2.9, 
where the Si-O-Si peak is at the range of 1000 cm-1 and 1200 cm-1. This proves that 
any material that contains Si-O bond will have adjacent material properties. Besides 
that, sharp peaks observed at wavenumbers of 1020 cm-1 and 1261 cm-1 typically 
represents the C-N group. 
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Figure 2.10: FTIR spectrum of polysiloxane (Kongliang et al., 2008) 
 
Table 2.3, shows the summaries of wavenumber for POS characteristic by 
FTIR from the previous studied by Dongzhi et al. (2012), Whidad et al. (2009), and 
Kongliang et al. (2008). The conclusion, the result of the FTIR wavenumber depends 
on the group appears in that material. 
 
Table 2.3: Summaries of the characteristic of polysiloxane by FTIR 
Wavenumber (cm-1) Description Referrences 
1000 -1200 Si-O (stretching vibration) Dongzhi et al. (2012) 
1000 – 1100 Si-O (stretching vibration)  
 
Whidad et al. (2009) 
800, 1250 Si-CH3 (stretching vibration) 
475 Si-O-Si (bending motion) 
875 Si-O (stretching vibration of Si-OH) 
2950 C-H (stretching vibration) 
1020 - 1093 Si-O-Si Kongliang et al. (2008) 
 
 
From these three researchers, the FTIR analysis must be conducted at the range 
of wavenumber from 500 cm-1 to 3500 cm-1. The characteristic of POS is represented 
by three major peaks appearing at the range of 1000 to 1200 cm-1 for Si-O (stretching 
vibration), 475 cm-1 for Si-O-Si (bending motion) and 875 cm-1 for Si-O (stretching 
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vibration of Si-OH). Moreover, the peak for Si-O-Si group would appear at the range 
of 1000 -1200 cm-1.  
Thermal properties of POS can be characterised by thermal gravimetric 
analysis (TGA) where the information of thermal stability of the material can be 
obtained by enables evaluation of the changes of the heat treatment. Due to the changes 
of heat treatment, the mass and the temperature of the substance will decompose.  
The temperature observed by raising the applied temperature from 200°C to 
600°C with three different heating rate which is 10°K/min, 15°K/min and 20°K/min.  
Figure 2.11 represents the result of the TGA curve for POS with different heating rates. 
From observation, POS has one degradation step under nitrogen gas. The range of 
temperature for POS degraded is between 350°C to 550°C (Mohorič et al., 2009). 
 
 
Figure 2.11: TGA curve for polysiloxane with different heating rates (Mohorič et al., 
2009) 
 
Figure 2.12 represent TGA curve for pure polyPBA-pdms (polybenzoxazine 
precursor containing POS), pure polyBA-fcma (ferrocene-based benzoxazine 
monomer) and PBA-pdms/BA-fcma 20 under nitrogen worked by Weizhi et 
al.,(2013). Curve (a) shows a one degrade step curve but curve (b) and (c) shows two 
steps degradation stages under nitrogen gas. Degradation of temperature for 5% weight 
loss for pure polyPBA-pdms is at 379ºC lowest than pure polyBA-fcma which is 438 
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ºC, and for PBA-pdms/BA-fcma 20 is at 420 ºC respectively (Weizhi et al, 2013). But 
degradation of temperature for 10% weight loss, PBA-pdms/BA-fcma 20 is highest 
(496 ºC) followed by pure polyBA-fcma (454 ºC) and pure polyPBA-pdms (412 ºC). 
 
 
Figure 2.12: TGA curve for pure polyPBA-pdms, pure polyBA-fcma and PBA-
pdms/BA-fcma 20 under nitrogen (Weizhi et al., 2013). 
 
Figure 2.13 shows the TGA curves for pure RTV silicone rubber obtained by 
Yufeng et al. (2013) using TG 209F1 (Perkin-Elmer). Yufeng used the same heating 
rate, as what has been done by Bala et al., 2011, which was performed at 10ºC/min 
and starts from 30ºC to 800ºC under air and nitrogen. Figure 2.13 (a) shows that pure 
RTV silicone is thermally degraded in one degradation step, while Figure 2.13 (b) have 
two step degradation of thermally degraded. It is because the medium degradation of 
temperature for 5% weight loss for pure RTV silicone rubber in nitrogen are at 354ºC 
and in air at 337ºC, respectively.  
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Figure 2.13: TGA curve for pure RTV silicone rubber (a) in nitrogen and (b) in air 
(Yufeng et al., 2013). 
 
 From Figure 2.11, Figure 2.12 and Figure 2.13, the range of temperature to be 
applied for pure RTV silicone rubber during TGA analysis is from 0ºC to 800ºC. The 
condition in air is used for this study and the TGA analysis results is expected to have 
two degradation steps which the range temperature is between 300ºC to 500ºC.  
2.2.3 Fabrication of Polysiloxane and its composites by casting process 
Nowadays, there are numerous techniques applied as to produce a product either it is 
made out of composite or not. Casting technique is one of the mostly applied 
techniques to make a product. Casting is also one of the manufacturing processes 
which the liquid material is pour into the mould, and then allow it solidify. Basically, 
casting moulding is usually technique which used in applied the silicone rubber. 
 Table 2.4, shows that there two types of casting moulding which are single 
casting moulding and double casting moulding that can be used to fabricate POS. The 
difference between the single casting and double casting is the number of repeated 
casting where the single casting is one layer of casting whereas the double casting is 
the process of casting which repeats two times. 
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Table 2.4: Fabrication of Polysiloxane and its composites 
Material Fabrication Reference 
Polysiloxane Injection Moulding Amol et al., (2007) 
Polydimenthylsiloxane Casting Moulding Chin.Han et al.,(2002) 
Polydimenthylsiloxane Double Casting Moulding Guocheng et al., (2012) 
Polysiloxane Casting Moulding Jian et al., (2012) 
Polysiloxane (Silicone 
Rubber) 
Casting Moulding Kostakis et al., (2003) 
Polydimenthylsiloxane Double Casting Moulding Yuanfang et al., (2013) 
Polysiloxane composite  Casting Moulding Jian et al., (2012) 
 
 
Table 2.5 shows the casting process parameters involved POS composite. The 
two important parameters involved in this process are process temperature and curing 
temperature. Based on the observation, room temperature is usually used during 
process and duration for the mixing process is approximately 15 to 30 minutes. 
Vacuuming process is applied to eliminate bubbles from POS for 30 minutes (Phillip, 
2006). However, Weiping (2012) only applied vacuuming process for 10 minutes to 
remove the bubble trap in POS during mixing process. 
 Curing temperature is also one of the important parameter in POS fabrication. 
Curing temperature at room temperature usually took 24 hours for it to be cured 
completely (White, 1998; Mike, 2000). Table 2.5 shows the difference of curing 
duration and curing temperature. When the curing temperature rises, the duration for 
POS will be decrease. For example, curing temperature for 65ºC, the duration for POS 
cured is ranging from one hour to three hours (Kenneth et al, 2009 ; White, 1998 ; 
Duffy et al., 1998 ; Weiping 2012) and for 80°C curing temperature is 2 hours to 48 
hours is the appropriate duration for POS to cure (Kateryna et al., 2008).  
 
Table 2.5: Casting Process for Polysiloxane Composites 
Process 
Temperature 
Mixing  
Duration 
Curing 
temperature 
Curing 
Duration 
Vacuum Reference 
Room 
Temperature 
30 minutes 65°C to 80°C 3 to 6 hours No 
Kenneth et 
al., (2009) 
Room 
Temperature 
15 minutes 80°C 2 hours No 
Ali et al., 
(2007) 
Room 
Temperature 
30 minutes 150°C 10 minutes No 
Phillip 
(2006) 
Room 
Temperature 
10 minutes 65°C 2 hours Yes 
Weiping 
(2012) 
Room 
Temperature 
Mix until 
mixture is 
milky 
Room 
temperature 
24 hours 
Yes 
White 
(1998) 
65°C 1-2 hours 
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Table 2.5: (continued) 
Process 
Temperature 
Mixing  
Duration 
Curing 
temperature 
Curing 
Duration 
Vacuum Reference 
Room 
Temperature 
- 80°C 2 – 48 hours  
No 
Kateryna et 
al., (2008) 
Room 
Temperature 
- 100°C 45 minutes No Mike 
(2000) 125°C 20 minutes 
150°C 10 minutes 
Room 
Temperature 
24 hours 
 
2.3 Silica as Filler in PMC 
2.3.1 Classification of Silica (SiO2) 
Silica (SiO2) is also known as silicone dioxide with two group of mineral composed 
of silicon and oxygen. The chemical formula for silica is SiO2; which composed with 
one atom of silicon and two atoms of oxygen (Mahajan et. al., 2013). Silica is 
commonly found in two conditions which are natural (crystalline state) and synthetic 
(rarely in an amorphous state). The classification of SiO2 based on the primary particle 
size as following Table 2.6 (Horman, 2007). 
 
Table 2.6: Classification of silica based on size of silica and function in rubber 
(Hewitt, 2007) 
Group Primary Size, µm Function in Rubber 
Natural (crystalline)   
Ground quartz 1-10 Extending 
Diatomite 1-5 Processing, Extending 
Neuberg Silica 1-5 Extending 
Synthetic (amorphous)   
Fumed 0.005-0.02 Reinforcing 
Precipitated 0.01-0.03 Reinforcing 
Precipitated 0.04 Semi-reinforcing 
Precipitated 0.08 Processing, Color 
Ferro-silicon by-product 0.10 Extending 
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Synthetic SiO2 can be divided into two groups which are precipitated silica 
(PSi) and pyrogenic silica or also known as fumed silica (FSi) (Sarawut et al., 2012). 
However, Horman (2007) has mentioned that a synthetic SiO2 group consists of five 
groups which are Fumed SiO2, Ferro-silicon by-product and Precipitated. Precipitated 
SiO2 are divided into three groups with different primary size and their function in 
rubber. The synthetic SiO2 is in the form of sand (Terence, 2005). 
 The difference between precipitated SiO2 and fumed SiO2 is that precipitated 
SiO2 is made from acid precipitated of sodium silicate and fumed SiO2 is produced by 
hydrolysis of silicon tetrachloride in a flame (Sarawut, 2012). Regardless of the 
difference, both precipitated and fumed SiO2 has a primary particle diameter below 40 
nanometers (0.040 microns). Primary particles being that small, it shown the properties 
such as of enhanced abrasion resistance, tear and tensile strengths when reinforced 
with rubber silicone. However, SiO2 that has larger particle size grade of more than 40 
nanometers would be the catalyst to reduce the bonding of the silica, smoothen and 
extruded the surfaces during compound processing operations. (Horman, 2007).  
As for Ferro silica, the largest particle material, Ferro-silicon by-product with 
0.10 microns used only for extender is a furnace type, also known as micro SiO2 
(Horman, 2007). Fumed SiO2 is also known with the other name like as micro SiO2, 
condensed silica fume, volatized silica or silica dust (Siddique et al., 2011). The 
American concrete institute (ACI) defines fume SiO2 as a “very fine non-crystalline 
SiO2 produced in electric arc furnace as a by-product of production of elemental silicon 
or alloys containing silicon” (ACI 116R). Fume SiO2 is usually a gray colored powder; 
similar looking to portland cement or some fly ashes (Terence, 2005). It has the highest 
degree of reinforcement and the smallest particle size among the size particle from all 
the categories of synthetic SiO2 (Horman, 2007). In terms of high-purity quartz to 
silicone, the silicone will produce SiO2 vapours when the temperature reaches up to 
2000°C. It contains oxidizes and consist the of non-crystalline silica when condense 
in the low temperature zone and condense it into tiny particles. Fume (SiO2) silica by-
products of the production of silicon metal and the ferrosilicon alloys. It contents SiO2 
at about 75% or more contain between 85%-95% of non-crystalline SiO2 (Siddique et 
al., 2011). 
Advantages shown by fume silica include high compression strength, tensile 
strength, flexural strength, and modulus of elasticity. It also has a very low 
permeability to chloride and water intrusion; high durability, increased toughness and 
115 
 
 
 
REFERENCES 
Adamczyk A., Handke M., Mozgawa W., (1999), FTIR studies of BPO4·2SiO2, 
BPO4·SiO2 and 2BPO4·SiO2 joints in amorphous and crystalline forms, 
Journal of Molecular Structure, 511-512, pp.141-144. 
Adamczyk A., Dlugon E., (2012), The FTIR studies of gels and thin films of Al2O3-
TiO2 and Al2O3-TiO2-SiO2 systems. Spectrochimica Acta Part A. 89, pp.11-
17. 
Adikari R., Buu D., Jonathan H., & James M., (2011), Synthesis, Structures and 
membrance properties of Silixane-Imide Co-Polymers produced by aqueous 
polymerization, European Polymer Journal, Vol.47, No.6, pp. 1328-1337. 
Ali A. S. B., Preetha J., and Ian P. (2007), Photodefinable polydimethylsiloxane 
(PDMS) for rapid lab-on-a-chip prototyping, Advance Article. 
Amol C., Michael A., Sandip K. S., Jun S. Lee, Joey L. Mead, Carol M.F Barry, James 
E. Whitten, Sivasubramaniam Somu and Ahmed A. Busnaina (2007).  
Fabrication of stamps for microcotact printing by injection molding, 
Microelectronic Engineering 85,pp.187-194. 
ASTM International D1418-10a, Standard Practice for Rubber and Rubber Latices – 
Nomenclature. 
Bala M., M. Ismail, A.A. Yusuf and A.R.B Muhammad, (2011), Elastomeric influence 
of natural rubber latex on cement mortar at high temperature using thermal 
degradation analysis. Construction and Building Materials 25, pp.2223-2227. 
Badorul H. A. B., Ramadhansyah P. and Hamidi A., (2010), Malaysian Rice Husk 
Ash-Improving the Durability and Corrosion Resistance of Concrete: Pre-
review, Concrete Research Letters, Vol. 1(1). 
Bahak M. Z. (2002), Mekanik Bendalir Asas, Fakulti Kejuruteraan Mekanikal, 
Universiti Teknologi Malaysia. 
 
116 
 
 
 
Baltakys K., Jauberthie R., Siauciunas R., & Kaminskas R., (2007), Influence of 
modification of SiO2 on the formation of calcium silicate hydrate, Material 
Science-Poland, Vol. 25, No.3. 
Barati M., Sarder S., McLean A., and Roy R. (2011), Recovery of silicon from silica 
fume, Journal of Non-Crystalline Solids 357, pp.18-23. 
Barry C., C., & Grant Norton, M,. (2013), Ceramic Materials Science and Enginering, 
Springer Science+Business Madia New York. 
Bottrill, R. S. (1991), Silica Fume Analysis – A preliminary report, Tasmania 
Department of Resources and Energy, Division of Mines and Mineral 
Resources –12. 
Callister, William D. (2007), Material Science and Engineering, An Introduction, 7th 
edition, John Wiley & Sons, Inc. Publisher,. 
Chin-Han C., Gwo-Bin L., Hui-Ting H., Pang-Wei C. and Pao-Chi L., (2002), Micro 
devices integrated with microchannels and electrospray nozzles using PDMS 
casting techniques, Sensor and Actuator B 86, pp.280-286. 
Chung D. D. L., (2010), Composite Materials: Science and Applications, 2 nd Edition, 
pp 65 
Concise International Chemical Assessment Document (CICAD) 24, (2000), 
Crystalline Silica, Quartz, World Health Organization, Geneva. 
Campbell, D., Pethrick, R. A., & White, J. R. (2000), Polymer Characterization: 
Physical Techniques, Second Edition, Stanley Thornes (publishers) Ltd. 
Daniel Hertz III, (2005), High Performance and Speciality Elastomer 2005: 
International Conference Paper 20, Thermal Limitation of BPAF cured and 
TAIC cured Fluoelastomers evaluated using strain energy density, pp. 205-218. 
David I. B., (2002), An Introduction to Polymer Physics, Published by The Press 
Syndicate of The University of Cambridge, pp.9. 
David W. O., H. P. Gillis & Alan C., (2008), Principle of Modern Chemistry, 6 th 
Edition, USA, Thomas Higher Education. 
Deer, W. A, R.A Howie and J. Zussman (1963), Rocking-Forming Mineral, Vol 4, 
Longmans, London, pp. 435. 
Dongzhi C., Shengping Y., Weibing W., Yalan Z., Jun L., Chi H. and Wenjuan S. 
(2010), Synthesis and Characterization of novel room temperature vulcanized 
(RTV) silicone rubber using Vinyl-POSS derivative as cross linking agents, 
Polymer 51, pp.3867-3878 
117 
 
 
 
Dongzhi C., Shengpiang Y., Pengfei F., Yalan Z., Chi H. and Xiaojun W. (2011), 
Synthesis and Characterization of novel room temperature vulcanized (RTV) 
silicone rubber using octal[(trimethoxysilyl)ethyl]-POSS as cross-linker, 
Reactive & Functional Polymer 71, pp.502-511 
Dongzhi C., Yan L. & Chi H., (2012), Synergistic effect between POSS and fumed 
silica on thermal stabilities and mechanical properties of room temperature 
vulcanized (RTV) silicone rubbers. Polymer Degradation and Stability 97, 
pp.308-315. 
Doo W. K. and Young M. K., (1999), Adhesion and Thermal Properties of 
Rosinamideimide Modified with Polysiloxane, Journal of Industrial and 
Engineering Chemistry, 5, pp.280-284. 
Duffy D. C., J, Cooper McDonald, Olivier J. A. Schueller and George M. Whitesides 
(1998). Rapid Prototying of Microfluidic Systems in Poly(dimethylsiloxane), 
Anal. Chem., 70, pp.4974-4984. 
Effenberg G., (2006), Numerical Data and Functional Relationships in Science and 
Technology, Volume 11, Springer. 
Elssner, G, Hoven H, Kiessler, G and Wellner, P (1999), Ceramic and ceramic 
composites: Materialgraphic preparation. New York, USA: Elesevier Science, 
pp.27-38 
Farook A., Saraswathy B. and Phee-Lee W., (2006), Rice Husk Ash Silica as a Support 
Material for Ruthenium Based Heterogenous Catalyst, Journal of Physical 
Science, 17(2), pp.1-13. 
Frank. L., Matthews & R.D. Rawlings, (2003), Composite Material: Engineering and 
Science, 4th Edition, Woodhead Publishing Limited, Abington Hall, Abington.  
Frederick H. N. (1974), Elements of Ceramics, 2nd Edittion, Addison-Wesley 
Longman, Incorporated. 
Friede A. B., (2006), Microsilica – Characterization of an Unique Additive .Int. 
Inorganic-Bonded Fiber Composite Conference, 15-18, pp.135- 144. 
Graiver D., and Fearon G., (2000), Silicon-Containing Polymer, Sec.1, Polysiloxane: 
Direction of application and perpective, pp. 235-243. 
Gun’ko, V.M., Seledets, O., Skubizewska-Zieba, J., Leboda, R., and Pasieczna, S., 
(2003), Structural characteristics of pyrocarbon-fumed silica, Colloids and 
Surfaces A: Physicochem. Eng. Aspects 220, pp.69-81. 
118 
 
 
 
Guocheng S., Jiahao W., Ziliang C. and Wanjun W. (2012), Fabrication of elastomeric 
high-aspect-ratio microstructures using polydimethylsiloxane (PDMS) double 
casting technique, Sensor and Actuators A 178, pp.230-236. 
Hayes B.S. and Gammon, L.M. (2010), Optical Microscopy of Fiber-Reinforcement 
Composites. pp.5. 
Hongyan L., Sen T., Yanhua H., Zhengtao S. and Junping Z., (2013). The improved 
thermal oxidative stability of silicone rubber by using iron oxide and carbon 
nanotubes as thermal resistant additives, Composites Science and Technology 
76, pp.52-60 
Horman H., (2007). Compounding Precipitated Silica in Elastomers, Norwish, NY, 
U.S.A, William Andrew Publishing. ISBN: 978-0-8155-1528-9. 
Ian W., (2013), Structure and Properties of Oriented Polymers, ISBN 978-94-010-
9805-2, page 1-55. 
IARC (1997), Silica, some silicates, coal dust and para-aramid fibrils. IARC 
Monographs on the Evaluation of Carcinogenic Risks to Humans, 68: pp.1-
475.  
Jean L. L. (2002), Rubber-filler interactions and rheologocal properties in filled 
compounds, Progress in Polymer Science. 27, pp.627-687. 
Jens G. and Robert M., (2012), Quartz: Deposits, Mineralogy and Analytics, Springer-
Verlag Berlin Heidelberg, pp. 4. 
Jerschow, P. (2001), Silicone Elastomer”, Volume 12 number 5, pp. 7 -47. 
Jian S. Z. and Dawn A. S. (2012), Prepolymers with dangling polysiloxane-containing 
polymer chains. 
John H. W., Neil S. M., Peter G. S. and Gretchen S. M. (1989), Effect of Particle Size 
on Quartz-Induced Hemolysis and on Lung Inflammation and Fibrosis, 
Experimental Lung Research, 15, pp.801-812. 
John M. C., Neil J. E., Mike D. S., Ira W. Levin, E. Neil Lewis, Linda H. Kidder, John 
Wilson, & Richard Crocombe, (2002), FTIR imaging of polymers: an industrial 
appraisal, Elsevier. 
John S. D., (2001), Rubber Technology Compounding and Testing for Performance. 
1, pp.5. 
Joshua M. D., (2004), Chapter 6: Impact Testing of Advance Composites, Advance 
Topics in Characterization of Composites, pp. 97-112. 
119 
 
 
 
Josmin P. J., Sant K. M., Sabu T., Kuruvilla J., Koichi G. & Meyyarappallil S. S., 
(2012). Advances in Polymer Composites: Macro-and Microcomposites – 
State of the Art, New Challenges and Opportunities, Wiley-VCH Verlag 
GmbH & Co. KGaA. 
Julia S., Finlay D., and Steven S., (2013), Chapter 12: Nuerological disorders, Oxford 
Handbook of Occupational Health, Second Edition, pp.300. 
Kateryna B. and Abraham P.L. (2008), Fabrication of PDMS membranes with aqueous 
mold for microfluidic systems. twelfth international conference on 
Miniaturized Systems for chemistry and life Science. 
Kenneth T. K., Alan R. & Larry M. (2009), Lab Module 1: PDMS Device Fabrication, 
Global Enterprise for micro mechanics and molecular medicine. 
Kostakis K., J.P Harrison and S.M Heath (2003), Silicone rubber coating for aperture 
measurement of rock fractures, International journal of rock mechanics & 
Mining Sciences 40, pp.939-945. 
Kozlov G. V., Yanovskii, Yu G., and Zaikov G. E., (2010), Structure and Properties 
of Particulate-Filled Polymer Composites, Nova Science Publisher, pp.112-
115. 
Khalil A., Shaikh S. N. & Nudrat Z. R. (2014), Reinforcement of natural rubber hybrid 
composites based on marble sludge/silica and marble sludge/rice husk derived 
silica. Journal of Advanced Research, How Science Inproves Society. 
Khairi N., (1993), Rubber as an Engineering Material: Guidelines for User, pp.24. 
Kongliang X., Lei X. & Yaqi S. (2008), Modification and Application of the 
Polysiloxane with Amino Group, JFBI 1. 
Krishan K. C., (2012), Composite Material Science And Engineering, Third Edition, 
pp.158. 
Laurentorwska, A., Ciesiekzyk, F. Siwinska-Stefanska, K. and Jesionowsli, T. (2012), 
Precipitation of ZnO-SiO2 oxide composites in presence of natural rubber latex 
and selected non-ionic surfactants, Pigment & Resin Technology 41/4, pp.199 
-209. 
Luciane S., Leila L. Y. Visconte, Regina C. R. Nunes, Cristina R. G. Furtado, Evaristo 
Riande (2003), Effect of silica and Rice Husk Ash Filler on the Modulus of 
Polysiloxane Networks, Journal of Applied Polymer Science, 90, pp.421-429. 
Mahajan S., Kimerling L.C., (2013), Concise Encyclopedia of semiconducting 
Material & Related Technologie, pp.456. 
120 
 
 
 
Manial M. R, (1990), Asas SeniBina Kapal Kestabilan Kapal: Siri SeniBina Kapal 1, 
Unit Penerbitan Akademik, Universiti Teknologi Malaysia, Skudai, Johor, 
Chapter 2, pp.9. 
Mark, J.E. (1999), Ceramic-modified elastomers, Current Opinion in Solid State and 
Materials Science 4, pp.565-570. 
Matthew T.,(2003), Engineering Elastomers, 1st International Conference Focusing 
on Engineering and Specialty Elastomer. 
Mike F. (2000), PDMS mold preparation procedure, MEMS lab, Department of 
mechanical Engineering, college of Engineering, SDSU, San Diego, CA 
92182. 
Mir M. A. N., Mohammad R. K., Amir B. G. & Moslem H. (2012), Nanosilica 
reinforced epoxy floor coating composites: preparation and thermophysical 
characterization, Current Chemistry Lettres, 1, pp.13-20. 
Moeller H.W., (2008), Progress in polymer degradation and stability research, pp1-32. 
Mohorič, I., Krajnc, M., and Šebenik, U., (2009),Model-free Kinetics Analysis of 
Thermal Degradation of Polysiloxane Lubricant, Chemical Biochem. Eng. Q. 
23 (4), pp.493-496. 
Music, S., Filipovic-Vincekovic N., and Sekovanic L., (2011), Precipitation of 
Amorphous SiO2 Particles and their properties, Brazilian Journal of Chemical 
Engineering, 28, pp.89-94. 
Namitha, L.K., Chameswary, J., Ananthakumar, S., Sebastian, M.T., (2013), Effect of 
micro-and nano-fillers on the properties of silicone rubber-alumina flexible 
microwave substrate, Ceramic International, 39, pp.7077-7087. 
Nicoletta M., Maarten A.T.M. Broekmans (2013), Microstructure of selected 
aggregate quartz by XRD and critical review of the crystallinity index, Cement 
and Concrete Research, 54, pp.215-225. 
Nikhilesh C. & Yu-Lin S., (2001), Advance Engineering Materials: Mechanical 
Behaviour of Particle Reinforced Metal Matrix Composites. 
Phillip W. H. (2006), Exploration of Large Scale Manufacturing of 
Polydimenthylsiloxane (PDMS) Microfluidic Devices, Bachelor of Science at 
the Massachusetts Institute of Technology.  
Philippe B. & Jean-Clauda N. (2001), Ceramic Materials: Process, Properties and 
Application, First Edition, Antony Rowe Ltd Choppenham, Wiltshire. 
121 
 
 
 
Ratna D., (2005), Epoxy Composites: Impact Resistance and Flame Retardancy, 
Rapra Technology Limited, 16, pp.0889-3144. 
Rashad A. M., & Khalil M. H., (2013), A preliminary study of alkali-activated slag 
blended with silica fume under the effect of thermal loads and thermal shock 
cycles, Construction and Building Material, 40, pp. 522-532. 
Rashid AKMB (2010), Inroduction to Metallurgy and Materials. 
Rey, T., Chagnon G., J. –B. Le Cam, Favier, D. (2013), Influence of the temperature 
on the mechanical behavior of filled and unfilled silicone rubbers, Polymer 
Testing, 32, pp. 492-501. 
Robert D Sover BAppSc (2004), Novel Analytical Techniques for the Assessment of 
Degradation of Silicone Elastomers in High Voltage Application, Queensland 
University of Technology. Master of Applied Science by research and thesis. 
Robert J., Jepsen R., Gotthard D., and Lick W., (1998), Effect of Particle Size and 
Bulk Density on Erosion of Quartz Particles, Journal Hydraulic Engineering, 
124(12), pp.1261-1267 
Sabir B. B., (1997), Mechanical Properties and Frost Resistance of Silica Fume 
Concrete, Cement and Concrete Composite, 19, pp. 285-294. 
Salehuddin M. P. (2007), Analisis Prestasi Minyak Pelincir Terhadap Enjin Petrol 
Empat Lejang 100cc Satu Silinder, Fakulti Kejuruteraan Mekanikal, Universiti 
Teknikal Malaysia Melaka. 
Saraswathy B., (2006), Rice Husk Ash Silica as A Support Material For Iron And 
Ruthenium Based Heterogeneous Catalyst, School of Chemical Sciences, 
University Sains Malaysia. 
Sarawut P., Nittaya R., (2012), Fumed and precipitated silica reinforced natural rubber 
composites prepared from latex system: Mechanical and dynamic properties. 
Sarder E. S. (2010), Production and Pufication of Silicon by Magnesiothermic 
Reduction of Silica Fume, Department of Materials Science and Engineering 
University of Toronto. 
Sebnem K., Gularp O. and Ayse A., (2010), Properties of thermally conductive micro 
and nano size boron nitride reinforced silicon rubber composites, 
Thermochimica Acta, 499, pp.40-47 
Shanks R. A., and Kong I., (2013), General Purpose Elastomer: Structure, Chemistry, 
Physics and Performance, Advances in Elastomer I, pp.11. 
122 
 
 
 
Shao-Yun F., Xi-Qiao F., Bernd L. and Yiu-Wing M., (2008), Effect of particle size, 
particle/matrix interface adhesion and particle loading on mechanical 
properties of particulate-polymer composites, Science Direct Composites, 
pp.933-961 
Siddique R. (2011), Utilization of silica fume in concrete: Review of hardened 
properties, Resource, conservation and recycling, 55, pp.923-932. 
Siddique, R., Iqbal Khan, M., (2011). Supplementary Cementing Materials, 
Engineering Materials, 8. 
Song, P., Peng, Z-J., Yue, Y-L., Zhang H., Zhang Z., Fan Y-C. (2013), Mechanical 
properties of silicone composites reinforced with micron- and nano-seized 
magnetic particles, EXPRESS Polymer Letter, 7, pp.546-553. 
Söver, A., L., Frormann & R. Kipscholl, (2009), High impact-testing machine for 
elastomers investigation under impact loads, Polymer Testing, 28, pp.871-874. 
Staff Branch of Industrial Minerals, U.S. Department of the Interior, Manual Lujan, 
Jr., Secretary, U.S. Bereau of Mines, T S Ary, Director, (1992). Crytalline 
Silica Primer,  
Stevenson, I., David, L., Gauthier, C., Arambourg. L., Davenas, J., & Vigier, G., 
(2001), Influence of SiO2 filler on the irrardiation ageing of silicone rubbers, 
Polymer, 42, pp.9287-9292. 
Stuber, E., Cole, J., MacDuff, D., Galson Laboratories, E. Syracuse, (2008), 
Cristabalite or Opal, A confirmatiob of XRD Determination using FTIR. 
Suhaida S. I., H. Ismail, Samayamutthirian P. (2011), Study of the effect of different 
shapes of ultrafine silica as filler in natural rubber compounds, Polymer 
Testing, 30, pp.251-259. 
Taufik K. A., Leszek S., Marcin S. (2005), Quartz crystallization in soda-lime-silica 
glass, Optica Application, 4. 
Terence C. H., (2005), Silica Fume User’s Manual, FHWA-IF-05-016. 
Tomas A., B., (1997), Department of Aeronautics, KTH, Sweden, Manufacturing of 
Polymer-Matrix Composites, United Kingdom, Chapman & Hall. 
Udomphol, T. (2007), Suranaree University of Technology, Traditional and 
Engineering Ceramic,  
Veeresh K., G. B., Rao, C. S. P., Selvaraj, N., Bhagyashekar, M. S., (2010), Studies 
on Al6061-SiC and Al7075-Al2O3 Metal Matrix Composites, Journal of 
Mineral & Material Characterization & Engineering, 9, pp 43-55. 
123 
 
 
 
Weiping Q. (2012), PDMS Based Waveguides for microfluidics and EOCB, Master 
of Science in Mechanical Engineering, Louisiana State University. 
Weizhi L., Jun C., Liang H., Teng W., Jiangjiang G., Kai X. and Xudong J. (2013), A 
novel thermal-resistant copolymer from polysiloxane-based polybenzoxazine 
precursor and ferrocene-based benzoxazine monomer, Polymer, 54, pp.4909-
4922. 
Whidad S. H. & Emad M. A. (2009), Polymethly Siloxane Toughened Epoxy Resins: 
Tensile Strength and Dynamic Mechanical Analysis, Malaysian Polymer 
Journal, 4, pp.52-61. 
White R., (1998), Polydimethylsiloxane (PDMS) on SU-8 Mold, Mechanical 
Engineering, Tfts Emergency Medical Services. 
Xiaobing C., Shuxue Z., Bo Y. & Limin W. (2012), Mechanical properties and thermal 
stability of ambient-cured thick polysiloxane coatings prepared by a sol-gel 
process of organoalkoxysilanes, Elsevier. 
Xinlong W. and Wangqi D., (2012), Preparation of graphite oxide (GO) and the 
thermal stability of silicone rubber/GO nanocomposites, Thermochimica Acta 
529, pp. 25-28. 
Yinglei Y., Hui Z., Zhong Z., Yunfa C. (2013), Polymer-filler interaction of fumed 
silica filled polydimethylsiloxane investigated by bound rubber, Composites 
Science and Technology ,86, pp. 1-8. 
Yinglei Y., Hui Z., Zhong Z., Yunfa C. (2013), Tensile properties of fumed silica filled 
polydimethylsiloxane network, Composites, 54, pp. 20-27. 
Yuanfang C., Weihua P., Rongyu T., Sanuan C. and Hongda C. (2013), Conformal 
coating of parylene for surface anti-adhesion in polydimenthylsiloxane 
(PDMS) double casting technique, Sensor and Actuator A, 189, pp. 143-150. 
Yufeng L., Yunhui S., Dian Z., Jiali L., Guangsu H. (2013), Preparation and Thermal 
degradation behavior of room temperature vulcanized silicone rubber-g-
polyhedral oligomeric silsesquioxanes, Polymer, 54,  pp.6140-6149
